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Nitrate, total-N, filterable reactive phosphorus, and
total-P loading rates were calculated and the effectiveness
of nutrient removal was assessed from June 1987 to March
1989 in the New Hope Creek system, a bottomland system
receiving municipal wastewater from Durham Co., North
Carolina.  The study site was recently modified by
construction of three dams.  The resulting subimpoundments,
flooded from November 1988 through February 1989, were built
as greentree management areas for wintering waterfowl.  The
effectiveness of nutrient removal was determined by
calculating the percentage of effluent nutrient changes and
nutrient flux coefficient, corrected for dilution, at
stations downstream of the outfall.
During the study period, nitrate and total-N loading
rates averaged 9.79 and 11.8 g*m~^.day"^; phosphate and
total-P averaged 1.65 and 1.57 g'm'^.day"^, respectively.
Nutrient loadings were reduced greatly during greentree
inundation, which expanded the contact area between the
effluent nutrients and the system from approximately 45000
m^ to 680000 m^.   Results of nutrient removal indicated
that nutrient removal capabilities of the New Hope Creek
system were poor.  The system had no effect on the fluxes of
nitrogen species during the study period.  Net gains of
filterable reactive phosphorus to the New Hope Creek water
were found most of time, but the system had no effect on the
fluxes of filterable reactive phosphorus during greentree
ill
inundation.  The system did not affect the fluxes of total-
P, except during greentree inundation when there were net
gains of total-P from the system to the water.  During the
study, flux coefficients for the major nutrient species in
the New Hope Creek water were significantly affected by the
nutrient loading rates, except for total-P.  Nutrient
removal decreased as nutrient loading rates increased, that
is, nutrient transport was into the water at higher loading
rates.  However, due to the deficit in precipitation during
the study, results are only applicable for the New Hope
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Introduction
Wetlands ecosystems have received increased attention
for their ability to improve water quality by removing or
retaining plant nutrients (primarily nitrogen and
phosphorus), suspended solids, and toxic materials.
Studies of the efficiency of wetlands in nutrient removal
have been encouraging (Kadlec 1978; Kadlec and Tilton 1979;
Winchester and Emenhiser 1983; Dierberg and Brezonik 1984;
Kuenzler and Craig 1986; Kuenzler 1987; Kuenzler 1988).
However, none of these studies has demonstrated that any
wetland ecosystem has the unlimited capacity to trap
nutrients, or any wetland ecosystem can process nutrients
without disturbing its native biota. The nutrient removal
capability of wetlands is affected by their hydroperiod,
sediments, and vegetation composition, which characterize
one wetland type from another (Kadlec and Tilton 1979;
Brinson 1985). To determine the feasibility of sewage
disposal in a particular wetland system, one must study its
hydrology, water and soil chemistry, and biology beforehand.
Wetlands are not simply sinks for nutrients, but also major
transformers (Kuenzler 1989).  The processes involved in
nutrient removal are vegetation assimilation, soil
adsorption, and microbial conversion.  All of these
processes are directly affected by hydrological condition,
duration of sewage application, and nutrient loading rate.
Nitrogen Removal
Nitrogen is often the most limiting nutrient in
flooded soils in natural or agricultural wetlands (Gambrell
and Patrick 1978).  However, it is more concentrated in the
wetland waters which receive municipal sewage discharge,
with inorganic forms predominating.  It converts from one
form to another through a series of biochemical and chemical
processes including ammonification, ammonia volatilization,
nitrification, and denitrification.
Denitrification, the microbial conversion of nitrate
or nitrite to gaseous forms of nitrogen (N2 or N2O), is a
process by which wetlands permanently remove N dissolved in
water.  It occurs under anaerobic condition in which
denitrifiers use nitrate instead of oxygen as a terminal
electron acceptor during respiration. Nitrate diffuse from
overlying aerobic water or soil into the anaerobic zone
where denitrification proceeds. This soil zonation is
affected by dissolved oxygen in the overlying water or soil,
hydroperiod, and soil drainage (Reddy and Patrick 1984;
Myrold and Tiedje 1985).
Mechanism of Phosphorus Removal in Wetlands
Phosphorus is often a limiting nutrient for system
productivity (Medine and Anderson 1983).  Correlation
between phosphorus and eutrophication and noxious algae
blooms has been linked (Syers et al.   1973), and suppressing
eutrophication as well as nuisance algae bloom by lowering
of phosphorus input has been suggested (Schindler 1971).
Therefore, the removal of phosphorus by wetlands is a highly
desirable public benefit.
The capability of wetlands in phosphorus removal
depends on the assimilation of dissolved inorganic
phosphorus from the water by microorganisms and vegetation,
soil adsorption, and incorporation of organic phosphorus
into soil peat (Kadlec and Tilton 1979; Richardson 1985).
However, because a certain amount of phosphorus is released
after the death and decay (Kadlec and Tilton 1979),
phosphorus absorption by wetland plants is only a temporary
sink. The long-term retention of phosphorus is determined
by the soil adsorption (Kadlec and Tilton 1979; Richardson
1985; Kuenzler 1989), which is affected by pH, sediment Fe
and Al content, the presence of Ca"*"^ or N03~, redox
potential, and more importantly, the timing and period of
floodplain inundation (Kadlec and Tilton 1979; Dierberg and
Brezonik 1984; Wauchope and McDowell 1984; Elder 1985;
Richardson 1985; Richardson and Nichols 1985; Fox et al,
1989).  Although some studies have shown removal of
phosphorus by wetlands (Boyt et al.   1977; Dierberg and
Brezonik 1984; Kuenzler and Craig 1986; Kuenzler 1989),
their removal capabilities are limited. Removal sometimes
declines and reaches an equilibrium after a few years of
sewage loading (Richardson and Nichols 1985; Kadlec 1985).
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Mutriont Removal Efficiency and Hydrology
Hydrology is the key attribute that links most wetland
functions (Kadlec and Tilton 1979; Bayley 1985).  It
determines sediment structure and vegetation composition
which control the capability of a wetland as a wastewater
purifier (Kadlec and Tilton 1979).  The flood waters are the
major transport mechanism of nutrients (Elder 1985; Hemond
and Nuttle 1985).  Extent and depth of flooding determine
the retention time of nutrients and the area of contact
between incoming nutrients, vegetation and sediment (Brinson
1985; Kuenzler 1989).  The timing of a flooding event is
important in terms of nutrient uptake by vegetation and
microorganisms.  Removal of nutrient has been shown to be
most efficient during the growing season (Richardson and
Nichols 1985).  The hydrologic effects have more influence
on phosphorus than nitrogen because a great proportion of
phosphorus is transported in the particulate fraction (Meyer
et al.   1981).  Furthermore, duration of soil submergence
affects not only pH and redox potential in the soils, but
also the microbial activity in the system, all of which
control the efficiency of phosphorus adsorption of wetland
soils.  However, hydrology also plays one of the critical
roles in terms of nitrogen removal within wetlands.  The
fluctuations of water depth permit the sediment environment
to shift from aerobic to anaerobic (Bayley 1985) and then
generate a soil zonation - an essential environment for the
occurrence of nitrification and denitrification.  In
addition, flooding may result in accumulation of organic
nitrogen (Keeney 1972; Richardson and Nichols 1985).
Nutrient Removal Efficiency and Nutrient Loading
Nutrient removal efficiencies of wetlands are dependant
not only upon factors which affect the mechanisms involved
in nutrient processing, but also the rate of nutrient
loading (Nichols 1983).  Nutrient loading includes the
contributions from runoff, ground water, and precipitation
as well as sewage applications which can contribute most of
nutrient input to the system (Kelly and Harwell 1985).
Removal rate is negatively correlated with loading rate,
except for total-P (Knight et al.   1987).  Studies show the
general trend of nutrient removal efficiency decreased with
time and higher loading rates for both P and N (Nichols
1983).  Higher N and P loading rates are usually associated
with heavier hydraulic loading (Richardson and Nichols
1985), which lowers the retention time in the wetlands and
reduces the time for removal reactions to occur (Brinson
1985).  Thus, the removal may be restricted primarily to
sedimentation of particulate forms (Richardson and Nichols
1985) .  Although studies have demonstrated the relationship
between removal efficiency and loading rate, the extent of
correlation changes from one site to another according to
type of wetland.  Generally, wetland can process sewage
nutrients efficiently as long as large areas are available,
nongrowing-season applications are avoided, and long-term
high removal efficiencies are not required (Richardson and
Nichols 1985).
Objactives:
Many municipalities in North Carolina have been
discharging their sewage into nearby swamps to upgrade their
sewage water quality. This application is based on the
potential of wetlands for trapping excess nutrients and
filtering other undesirable materials which might
deteriorate quality of the receiving water body if they were
introduced.  However, the potentials vary with durations of
wastewater application, changes of hydrology, and types of
wetland. Although many wetlands which receive sewage have
been studied, few of these studies were conducted in the
forested bottomland systems.
The goal of this study was to contribute to
understanding of the potentials of a bottomland system for
improving surface water quality.  The approach taken here
was to assess nutrient removal efficiency of a bottomland
system which receives municipal wastewater.  In addition,
this study emphasized the correlation between nutrient
loading rate and removal efficiency, and that between
hydraulic loading and nutrient loading.  It included the
influence of a greentree subimpoundments for wintering
waterfowl on nutrient processing in study area.  It also
demonstrated a procedure based on the conservative




The New Hope Creek system was selected as the study
area in this study. The New Hope Creek system is in
southwestern Durham County and northeastern Chatham County,
N. C.  It is located in the Triassic Basin.  The New Hope
Creek meanders and has created a wide floodplain.  The New
Hope Creek system receives municipal wastewater from the
Farrington Road Wastewater Treatment Plant.  The width of
the stream channel is 11.9 ± 0.6 m based on 15 measurements
between Station EFF and Station NH7.   For wintering
waterfowl, the study area has been altered by construction
along the creek of three greentree subimpoundments (Fig. 1)
which are to be flooded from November through February every
year.  Floodplain at Station NH7, the southernmost
subimpoundment (south of 140), was flooded from November
1988 through early February 1989.  A more detailed
description of the study area can be found in Kuenzler et
al.   (in manuscript).
Mttthoda
Field sampling and measurements
Sampling trips to about ten stations in New Hope Creek
were made approximately every four weeks from May 1987 until
March 1989. Water temperature, conductivity, pH, and
dissolved oxygen were measured in the field.  Grab samples
were collected just beneath the stream surface in rinsed
disposable polyethylene bottles.  A detailed description of
field measurements and sampling can be found in the report
by Kuenzler et ai. (in manuscript).
Estimation of the contact area between effluent and
the New Hope Creek system is done as follows: (1) before and
after greentree management (June 1987-October 1988 and
February-March 1989), effluent was restricted to the stream
channel:
Contact area= streambed = Stream length x Stream width
where stream length is the distance from the outfall to
Station NH8 (3.75 km) and stream width is 11.9 ± 0.6 m based
on 15 measurements between Station EFF and NH7.
(2) during greentree management (November 1988-January
1989), the floodplain was flooded at Station NH7:
Contact area = streambed + floodplain of Station NH7
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where estimation of streambed was the same as above, and the
width of the flooding was estimated by an observation and
the flooded area was estimated by using a planimeter.
Calculation of nutrient loading rate
Nutrient loading included nutrient inputs from the
wastewater treatment plant effluent and the New Hope Creek
water.  The amount of nutrient loading was divided by the
contact area of the effluent and the New Hope Creek system
to calculate nutrient loading rates (NLR) for each major
nutrient species.  The equation is as following:
NLR (g-m"2-day~^) = ([N^] x Qjj + [N^] x Qg)/Contact area
where Nu was nutrient concentration at Station NH2, Ng was
nutrient concentration at Station EFF, and Qjj and Qg were
daily flow rates of the New Hope Creek water and the
effluent, respectively.
Nutrient and chloride analyses
Measurements of nutrients and chloride were
colorimetrically determined using an automatic analyzer (
Orion Scientific Instrument Co.).  The analytical methods
used to determine various species of nitrogen and phosphorus
are listed in Table 1. We have shown good analytical
accuracy by determining the recovery of field spike and
distilled spike (Kuenzler et al.   in manuscript)
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Data handling
Data analysis and graphical handling were done using
Lotus 1-2-3 (Lotus Development Corporation, Cambridge, MA)
on IBM personal computers.  Measured or calculated
concentrations below the LDC (Lowest detectable
concentration) of the method were assigned a concentration
one-half of the LDC.
Calculation of nutrient removal
Net nutrient removal from stream water was considered
to include all types of wetland retention, physical,
chemical and biological, as well as transfer out of the
system, for example, by denitrification (Kuenzler 1987).
It excludes the effect of simple dilution.  Nutrient removal
efficiencies were defined as decreases in concentrations in
stream water after correction for dilution, assuming
conductivity to be conservative.  Decreases in conductivity
were attributed to dilution by water from tributaries, base
flow, precipitation, and perhaps, to some extent, to lags in
equlibration with interstitial water.
Nutrient removal was calculated in this study using
principles identical to those for Coastal Plain swamps
(Kuenzler 1987).  By comparing the measured nutrient
concentration in effluent to the calculated concentration
(corrected for dilution, using conductivity measurements) at
each downstream station, an estimate nutrient removed by the
bottomland-stream system was obtained.  The fraction
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Stream system was obtained.  The fraction remaining (FRj^) of
effluent conductivity at downstream Station i was:
FRi = [Ci-C^] / [Cg-Ct]
where C^,   C^, and Cg are the conductivities of Station i,
the upstream station (at NH2), and the effluent,
respectively.
(1) Estimation of sewage-nutrient change (%)
A calculated nutrient concentration, [Ni]^^]^^, at downstream
Station i was determined, assuming that the amount of
nutrient in the effluent was diluted to the same extent as
the conductivity:
[Nilcalc = (CNe]j,eas * ^Ri) + ([Nulj^eas * (1" ^Ri))
where Ngj^^-^g and NUj^g-^g were the measured nutrient
concentrations of the effluent and at the upstream station,
respectively.  The difference between the measured
concentration and the calculated concentration was the
amount of nutrient removed from (when D[Nj^] was negative) or
added to (when D[Nj^] was positive) the water by the
bottomland-stream system:
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The nutrient change at downstream station i was divided by
FRj^ to calculate the concentration if dilution had not
occurred; and this in turn was divided by the measured
concentration in the effluent to obtain a percentage of the
sewage-nutrient change:
Sewage-nutrient Change(%) = [100]* (D[Nj^]/FRi]/[Ne]j^g3g.
(2) Estimation of flux coefficient (FC)
The measured nutrient concentration of Station i was a
resultant which was affected by simple dilution and nutrient
removal reactions.  It included the amount of nutrient
contributed by effluent and stream water.  On the basis of
the measured concentration at Station i, corrected for the
amount of nutrient input from stream water and the effect of
simple dilution, a calculated effluent concentration
f^e^calc ^^^ determined.  This [Ngl^gj^^g represents the
effluent nutrient concentration sufficient to provide the
measured concentration at Station i, [NiJmeas' ^^  there had
been no dilution.
CNglcalc = ([Nilmeas - (l-FR)*[Nu]xneas)/ ^Ri
The amount of nutrient dilution was assumed to be the same
as for conductivity dilution.  The difference between the
calculated and measured effluent concentrations was the
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amount of nutrient change by the system between the outfall
and Station 1:
D[Ni]2 =  [Ne]B»eas "  [Nel^alc
The value of D[Nj^]2 is a function of distance (Dist.)
between the outfall and Station i, and flux coefficient
(FC).  This coefficient (FC) for a nutrient between the
outfall and Station i was:
FC (km-1) = (log ([Ne]„eas/[Ne]j,aic))/(Dist.)
A positive flux coefficient represents a net flux of
nutrient to the water whereas a negative flux coefficient
represents a net loss from the water.
statistical Methods
Descriptive assessment of nutrient removal rates was
done using Systat (Systat, Inc.,   Evanston, IL) box plots
(Tukey 1977) which included 95% confidence intervals.
Median flux coefficient of each major nutrient species was
determined by Systat stem-and-leaf displays.  Pearson
correlation procedure, regression procedure, and test of
normality in Statistical Analysis System (SAS 1986) were
used to elaborate the relationship between nutrient loading
rate and flux coefficient for FRP, TP, NOx, and TN. The
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nonparametric sign test (Quade 1989) was used to examine the
median of flux coefficient.  It is based on the signs of the
deviations of the observations from the hypothesized median.
These calculations are summarized in the following
equations:
Hq : Median = 0 = no net flux
Hg^ : Median < 0 = net removal at P = 0.05
Hj^^ : Median > 0 = net increment at P = 0.05
Sample size: n
C: the numbers of observations which are less than or
greater than 0
under Hq, C is binomial distribution with parameters
sample size=n, P= 0.5
under H^, C is binomial distribution with parameters
sample size=n, P > 0.5
So, P-value = the probability, if Hq is true, of
observing a value of the criterion (Hg^<0 or >0) as
extreme as actually observed, or more.  That is,
P-value = P ( C>C | Hq}
= (0.5)" ( ^C^  + nCn-i + ... + n^c)
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Results
STREAM HYDROLOGY AND INUNDATION OF FLOODPLAIN
The range of daily stream discharge of New Hope Creek
at County Road 1107 (Station NH8, Fig. 1) varied from 9.0
MGD (million gallon per day ) (December 1988) to 301 MGD
(April 1988) on the sampling days (U. S. Geological Survey
file report) (Fig. 2). The contributions from New Hope
discharge to stream discharge averaged 42 MGD; it ranged
from approximately zero (October 1988) up to 291 MGD (April
1988).  Evaporation and seepage into the streambed might
explain the lower flow of New Hope water in October 1988
(Kuenzler e£ gi. in manuscript). The mean effluent
discharge was 9 MGD with a range from 6 (June 1988) to 15
(October 1987).  Effluent provided an averaged of 39.4 % of
stream flow during days of sampling; however, it provided
almost all of stream flow on October 20, 1988.   Stream
waters were restricted to the channel most of times. The
inundation of the floodplain only occurred at NH7 from
November 1988 through February 1989 when subimpoundment pool
were created by greentree management.  It expanded the
contact area between the water and the substratum of the New
Hope Creek system from approximately 45000 m^ to 680000 m^
in the study area.
CONDUCTIVITY, CHLORIDE, AND NUTRIENT CONCENTRATIONS
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measured concentration for dilution effect in order to
obtain the net nutrient removal efficiency.  Stream
conductivities averaged 120 umho/cm at the control station
(Station NH2) and never exceeded 171 umho/cm, whereas the
effluent averaged 476 umho/cm and always exceeded 400
umho/cm (Fig. 3).  Conductivity tended to decrease below the
outfall, especially during January-May 1988 and January-
March 1989 when heavier stream discharges provided dilution
water for the effluent.  However, the variations in
conductivity were trivial during the dry season.  The
patterns of chloride concentrations (Fig. 4) resembled those
of conductivity. The chloride concentrations averaged 10.7
mg/L and varied from 6 to 17 mg/L at Station NH2, while the
effluent had a mean of 38.3 mg/L and a range from 29 to 44
mg/L.
Total-N concentrations at the control station (NH2)
averaged 0.74 mg/L and usually were less than 1 mg/L; they
were dominated by organic nitrogen (PN plus FON) and NOx
(Fig. 5a).  NOx was the dominant form of nitrogen, with an
average concentration 14.2 mg/L at the station EFF (Fig.
5b).  Although NOx concentrations tended to decline
downstream, NOx, with a mean concentration of 6.5 mg/L,
still constituted the major fraction of nitrogen at the
lowermost station (Station NHS) (Fig. 5c).  The seasonal
pattern of NOx concentrations (Fig. 6) displayed the effect
of stream dilution.  Drops in downstream NOx concentrations
coincided with heavier stream discharge during January-May
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1988 and January-February 1989, whereas the decreases in NOx
concentration at the downstream stations were insignificant
during the dry season (June-December).
The average concentrations of total-P were 0.14 mg/L
above the outfall (NH2), with particulate P predominating
and FRP secondary (Fig. 8a). However, FRP was the major
form of phosphorus in the effluent (Fig. 8b), which averaged
2.37 mg/L and ranged from 1.51 to 3.13 mg/L.  It was still
the dominant fraction of total phosphorus at the lowermost
Station (NHS) for most of the time (Fig. 8c), except during
wet months.  The effect of dilution on the variations of
phosphate concentrations was similar to that of nitrate
concentrations (Fig. 7).  Phosphate concentrations clearly
decreased at downstream stations during wet months.  Dips in
phosphate concentrations in the effluent in May 1988 and
November-March 1989 were due to the alum treatment for
sludge coagulation at Farrington Road Wastewater Treatment
Plant.
NUTRIENT LOADING
Total-N loading rate averaged 11.8 g*m~^*day~^ and
varied from 0.64 to 26.9 g*m~^*day"^ (Fig. 9).  Total-P,
with a mean loading rate of 1.57 g'm-^*day"^, had the
highest loading rate at 4.94 g'm-^'day"^.  During the study,
loadings of total-N and total-P were never below 7.5 and
1.12 g*m~^*day~^, respectively, when water was restricted to
the channel.  The highest loading rates for both total-N and
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total-P corresponded with the heaviest stream flow in April
1988.  Mean NOx and FRP loading rates were 9.79 and 1.65
g*m~^*day~^, respectively.  The highest loading rates of NOx
and FRP were found in October 1987 when there were almost no
input from New Hope Creek watershed; analyses for total-N
and total-P had not begun yet on that date. A marked drop
in FRP loading in May 1988 was due to the alum addition to
wastewater. All of nutrient loading rates decreased sharply
during November 1988-January 1989 during the greentree
waterfowl management period which blocked the stream,
flooded subimpoundments, and broadened the loaded area for




Mean monthly precipitation during the two-year period
of this study was less than the 94-year mean monthly values
(Kuenzler efe ai. in manuscript).  The deficit in rainfall
limited the amount of stream flow and the extent of
wastewater dilution, restricting wastewater nutrient
processing to the stream channel and the natural occurrence
of flooding of this bottomland.  The flooding of the study
area only occurred from November 1988 until early February
1989 when the greentree reservoir was flooded.
NUTRIENT CONCENTRATION AND CONDUCTIVITY CHANGES BELOW THE
OUTFALL
All of the stations below the outfall had higher
conductivities and nutrient concentration, except ammonium,
than the control station (Appendix B).  Although
concentrations at stations below the outfall tended to
decrease as water went further downstream, box plots (not
shown) showed that the changes of nutrient concentrations
(FRP, TP, NOx, or TN) were not significant at 95% confidence
interval.  In addition, box plots also indicated that
conductivity changes after Station 5 were insignificant.
The reductions of nutrient concentration and
conductivities at the downstream stations can be explained
by the removal capabilities of swamp, dilution by water from
upstream and groundwater, or both.  Two streams (New Hope
Creek and Third Fork Creek) delivered high quality water to
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the study area, although the input of Third Fork Creek was
very small. Station NH2 (Fig. 1) was designated as a
control station because of its location at the convergence
of these two creeks above the sewage outfall. After
correction for dilution, an assessment of nutrient removal
efficiency was obtained by comparing each measured nutrient
concentrations and conductivities at the downstream stations
to those of the effluent.
NET NUTRIENT REMOVAL
The method to distinguish swamp removal processes from
dilution was based on the downstream changes in nutrient
concentration relative to those of a conservative attribute
of streamwater such as chloride concentration (Peterjohn and
Correll 1986; Kuenzler 1987).  Nutrient removal took place
when the reduction of nutrient concentrations exceeded the
proportionate decreases in chloride concentration.  When the
decreases in nutrient concentration were less than the
decreases in chloride, the wetland was a source of nutrient
to the water.  Simple dilution could account for the
reductions if chloride and nutrient concentrations changed
proportionately (Kuenzler 1987).
Conductivity was taken as a conservative attribute in
this report.  Conductivity was positively correlated with
chloride concentration (Fig. 10).  Furthermore, the two-
sample-t-test showed that the mean of fraction remaining
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(FR) derived from conductivity was not significantly
different from that calculated from chloride concentrations.
In the New Hope Creek system, major decreases in
conductivity occurred just downstream of the sewage outfall
during winter and spring because of dilution by stream water
(Fig. 3). Very little further dilution from tributaries,
base flow, or precipitation occurred, and increases in
conductivities in summertime may be attributed to
evaporation.
Removal of each major nutrient was examined both as a
percentage of sewage-nutrient change and as a flux
coefficient.  Both of these approaches indicated that
nitrate removal capability of the New Hope Creek was poor.
Based on the percentage of sewage-nutrient change, nitrate
showed some net removal (negative flux) at the beginning of
the study, whereas the water showed a pattern of net gains,
after dilution correction, downstream during the period July
1988 through March 1989, especially in October 1988 and
March 1989 (Fig. 11).  Similar results were found in the
changes of TN concentrations (Fig. 12). However, results
from examining the median flux coefficient of nitrate and TN
indicated no effect of the New Hope Creek system on nitrate
and TN concentration at downstream (Table 2).  For nitrate,
the flux coefficient showed a median of removal of 4.9 x 10"
^ km"-*- of nitrate from the water (Table 3) . The median flux
coefficient of TN was even lower than that of nitrate; about
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1 X 10"^ TN was removed.  These removals are not
statistically significant.
The permanent removal of nitrate by denitrification
only takes place under anaerobic condition; the
denitrification rate is highly associated with the amount of
available organic matter.  Organic matter not only serves as
energy sources and proton donor for microbial respiration,
but also further depletes the redox potential by increasing
microbial activities.  The denitrification rate increases
with organic matter content in soil (Myrold and Tiedje 1985;
Reddy and Reddy 1987) and with lowered oxygen concentrations
in sediment (Gordon et al.   1986).  The poor removal of
nitrate when the New Hope Creek flows in its channel might
be attributed to high dissolved oxygen in the overlying
water and insufficient organic matter (Kuenzler et al.   in
manuscript). Moreover, nutrient removal efficiency is also
dependent upon hydrological factors.  Increases in water
depth and flow rate will reduce the contact between nutrient
and sediment as well as the time for removal processes to be
effective (Brinson et al.   1981).  Water of the New Hope
Creek was restricted to the channel most of the time and
the flow of the New Hope Creek was usually rapid. Although
there were three months of flooding in the subimpoundment
from early November 1988 to early February 1989, there was
still no nitrate removal (Table 3).  Although litter was
abundant on the floodplain, the contact area between
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wastewater and sediment was wider, and the residence times
of wastewater In the system were longer than when there was
no flooding, the organic matter probably had not been
decomposed enough for the denltriflers to process such a
great amount of nitrate.  In addition, the flooding occurred
during the non-growing season of vegetation.  This could be
another factor accounting for poor nutrient removal during
those three months.
Although the changes in sewage-nutrient content at
downstream stations were not statistically and ecologically
important during the study, the results based on the
percentage change of sewage-nutrient FRP and total-P at
downstream stations showed there was little removal during
the study (Fig. 13 and Fig. 14). Meanwhile, flux
coefficient analysis showed a small but statistically
significant increase in FRP content in downstream water,
except when the subimpoundment was flooded (Table 2).  Flux
coefficients Indicated that the New Hope system did not
affect TP content downstream, except during the flooded
period, November 1988 - January 1989, when TP content
increased (Table 2).  However, the results of percentage
change in sewage-nutrient concentration should be
interpreted with care.  When nutrient concentration of the
effluent was low, as phosphorus in May 1988 and November
1988 - March 1989 after alum treatment, a strong percentage
change in nutrient content of the water may result from even
a small change in nutrient flux at downstream stations.
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Those results (Fig. 13 and 14) may mislead the readers to
consider that there were significant net phosphorus removals
in the study area.  The result of percentage change in
sewage phosphorus content disagreed with that of phosphorus
flux coefficients in this study, perhaps because the large
variations in phosphorus content in the effluent during the
study period.  The methods for interpreting data may also
account for the disagreements between percentage sewage-
nutrient change (Fig. 13, 14) and flux coefficient in
phosphorus net flux (Table 2).  To examine the effect of
greentree management on nutrient removal, flux coefficients
were divided into : (1) before and after greentree
management, and (2) during greentree management.  All the
data were used to calculate the results, even the data from
May 1988 when alum was added to the effluent.  However, the
percentage increments in phosphorus content in May 1988 were
omitted on the graphs (Fig. 13 and Fig. 14), because those
data points were too high to be shown.
Phosphorus removal capability was poor in the New Hope
Creek.  The phosphorus retention capacity is directly
related to the extractable amorphous aluminum, iron, and
calcium content in the soil (Wauchope and McDowell 1984;
Richardson 1985; Fox et al.   1989). Wetlands may become
phosphorus-saturated and then shift from phosphorus sinks to
phosphorus sources (Nichols 1983; Richardson 1985).  The
sediments of the New Hope Creek channel were likely
phosphorus- saturated.  The increases in FRP content shown
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by the flux coefficient (Table 2A) might be attributed to
the adsorption process by sediment being hindered by the
presence of high nitrate concentration in water column.  Fox
et al.   (1989) found that the presence of nitrate ions
reduced the extent and the rate of phosphate adsorption,
because the nitrate anion will compete with phosphate ions
for surface sites on the sediment.  The wastewater treatment
plant added alum to the wastewater for sludge coagulation
when the subimpoundment was flooded, and therefore, only low
concentrations of FRP were present in the effluent. The
decomposition of organic phosphorus might contribute some
FRP to the water, moreover, a low phosphorus concentration
in the water favors its release from the sediment (Kemp-
Nielsen 1974).  However, net fluxes of FRP to and from the
water were too small to be significant during this study,
even during subimpoundment flooding.  Perhaps the rate of
FRP removal from streamwater was very close to the release
from decomposing litter in the floodplain when the
subimpoundment was flooded.  During subimpoundment flooding,
increasing TP concentrations (Table 2) might result from
resuspension of PP into water column (Fabre 1988).
RELATIONSHIP BETWEEN NUTRIENT LOADING RATE AND NUTRIENT
REMOVAL CAPABILITY
The effectiveness of nutrient removal was assessed by
calculating the changes in concentration in sewage effluent
nutrients, corrected for dilution, at downstream stations as
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a percentage or proportion of the amount in the sewage
itself at the outfall.  It is not only affected by the
nature of the wetland-strezun, but also by the intensity of
nutrient loading (Nichols 1983; Richardson and Nichols
1985).  Table 4 presents linear regression parameters useful
for predicting flux coefficient (FC) for each of the major
constituents.  Flux coefficients for nitrate, total-N, and
FRP were positively correlated with nutrient loading rates.
Linear regression for nitrate flux coefficient and loading
rate was given to illustrate the relationship (Fig. 15).
Net nutrient removal decreased as nutrient loading rates
increased, that is, nitrate transport was into the water at
higher loading rates.  The declining N-removal efficiency
with increasing loading rates may be due to limits on the
rate of denitrification (Richardson and Nichols 1985).
Although higher TN flux coefficients (that is, some total-N
inputs would come from the system to water) usually resulted
from heavier loading rates, the overall increases in flux
coefficient were not statistically significant (Table 2).
Positive FRP flux coefficient (that is. New Hope Creek
sediments would contribute some FRP to the water) were often
associated with high loading rate during dry season.  These
increments in FRP might come from the decomposition of the
accumulated phosphorus during the dry period (Kuenzler
1989).  There was no correlation between loading and removal
efficiency for total-P in the New Hope Creek.
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Conclusion
The study approach used in this report has allowed
evaluation of the potential of the New Hope bottomland
system to process excess amounts of nutrient from the
discharge of municipal wastewater.  It also has demonstrated
the effect of subimpoundment on the effectiveness of
nutrient removal in the study area.  The relationship
between nutrient removal efficiency and nutrient loading
rate also has been described. However, due to the deficit
in rainfall during the study period, all of these results
were only applicable for this bottomland in a dry year.
The overall performance of this bottomland in nutrient
removal was poor.  Examined by removal coefficient, most
nitrogen only passed through the system with insignificant
changes in concentration.  As far as phosphorus was
concerned, this system was rather a source than a sink when
there was no flooding in the floodplain.  Removal efficiency
decreased as the nutrient loading rate increased for most of
nutrients except total-P. Flooding of the floodplain caused
by greentree management did not improve nitrogen removal
capability.  It did not affect phosphate concentration,
while it increased total-P concentration at downstream
stations.  Flux coefficient and the percentage of sewage
nutrient change were used to assess the potentials of the
system for nutrient processing. However, the percentage of
sewage nutrient change was an appropriate approach only when
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the amount of nutrient content at the effluent was
consistent.  The advantage of using flux coefficient was
that it provided a concrete method to measure the magnitude
of nutrient removal in the system.
Due to the limitation of the weather, generalized
conclusions for nutrient processing could not be made.
Continuous studies in this system are highly desirable when
the precipitation is normal.
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NEW HOPE CREaC STUDY AREA
KILOMETERS
Fig. 1.    l-Iap of New Hope Creek Study area.  Stippled area isforested wetland.  Numbered black squares are water
quality sampling stations.  Lettered parallel lines
indicate soil sampling transects. Hachured lines show
location of sub impoundment dams. i^^tn KuaizU^ eX at. ^n manu^cxcpt]
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Fig.   2.     Average daily discharge   (MGD)   of New Hope Creek and
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Fig. 5.  Distribution of four fractions of total nitrogen








DAYS SINCE 24 JUNE 1987
A  NHS      X NH6 NHS
Fig. 6.  Seasonal variation in nitrate (mg/L) at five
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Fig. 7.  Seasonal variations in phosphate (mg/L) at five















































nM       Ant       mr
^
































FEO       tiM       Jim       mr       juh       july       mib      seft      qct       raw       oec
^
fXB IHW
Fig. 8.  Distribution of three fractions of total phosphorus



























DAYS SINCE 24 JUNE 1987
«      P04 A      TN TP
Fig. 9.  Nutrient loading rates of major nitrogen and
phosphorus species from the outfall to Station




















Fig. 10.. Relationsip betwen chloride concentration (mg/L)





DAYS SINCE 24 JUNE 19B7
NHS A       NH6 X NH7 NH8
Fig. 11. Percentage of effulent nitrate change at five









DAYS SINCE 06 JANUARY 1988
NH6      A  NH5.3        X NH7 NHS
Fig. 12.  Percentage of effluent Total-N change at five






DAYS SINCE 24 JUNE 1987
A       NH6.3 X NH7 NHS
Fig.   13    Percentage of effluent phosphate change at five













DAYS SINCE 06 JANUARY 1988
NH5 A       NH6 X      NH7 NHS
Fig. 14. Percentage of effluent Total-P change at five












LOG (LOADING RATE (q/m-2/day))
Fig. 15.  Relationship between nitrate loading rate to
Station NH 8 (g'm'^'day''-'') and flux coefficient
(km"-'-) of nitrate in the New Hope Creek system,
1987-1989, excluding the period of subimpoundment
flooding and March 1989.
Table 1.  Nitrogen and Phosphorus Species and Chloride:
Methods of Determination
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(EPA Method 353.2 1983)
Berthlot reaction
(EPA Method 351.2 1983)
Block digestion with































Table 2. Results^ of a sign test for determining the influence
of greentree reservoir (November 1988-January 1989) on the
effectiveness of nutrient removal of New Hope Creek, NC.
NOx TN FRP TP
A. Before and after greentree management (June 1987-October
1988 and February-March 1989)
Results NE" NE increase NE
tF 68 49 70 50
^ 37 27 46 25
P-value® 0.27 0.28 0.0057 0.55
B. During greentree management (November 1988-January 1989)
Results NE        NE       NE increase
N 13        13       X3 13
C 9 9        9 10
P-value 0.133      0.133     0.95        0.046
a. Based on Flux coefficient (FC) for all Stations.
b. NE (No Effect) = no increase or decrease in nutrient
concentration at downstream stations; increase = net increase
in nutrient concentration at downstream stations.
c. N: total numbers of flux coefficients at that certain period
of time.
d: the number of flux coefficients which were under Ha or
Hal and were used to calculate the corresponding P-value.
e. P-value stands for the probability to accept HO: median
of RC is zero.
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Table 3.   Flux Coefficient in km"^ for Nitrogen and
Phosphorus Species between the outfall and
Station NHS New Hope Creek, NC (data included
June 1987 - March 1989, except November 1988 -
January 1989).














a. Median and the range of Flux Coefficient were obtained
by using Systat 4.0 (Systat, Inc,. Evanston, XL) stem and
leaf plot.
43
Table 4— Linear regression parameters^ and R values for nutrient
loading and flux coefficient at New Hope Creek, NC.





P-value^  applicable range
(g'm'^'day"-'-)
NOx 3.2 -3.22 0.78   0.001 0.84-1.21
TM 0.1 0.12 0.74   0.02 0.92-1.43
FRP 7.40x10
-2 -0.01 0.67   0.01 0.08-0.736
TP -1.7x10
-2 7x10-3 -0.07   0.85 0.15-0.69
a. Parameterslare for a linear relationship between loadijg rate in
g.m .day and flux coefficient for Station NH8 in km  of the
following form:Flux Coefficient = Slope x Log(loading rate) + Intercep
b. P-value is the probability of R and also of t-test for HO: Slope = 0.
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APPENDIX A.  Description of sampling water quality stations
(See Fig. 1)
1. Station UNH: Located just below the subimpoundment dam
north of N.C. 54. This was one of three
stations on New Hope Creek above the
outfall. Subimpoundment flooding occurred
from November 1988 to early February 1989.
2. Station NHl: An upstream station located about 30 m
above the mouth of Third Fork Creek.
Water was too high during winter
subimpoundment flooding to collect
samnples.
3. Station TF: Third Fork Creek was blocked by a beaver
dam.  Samples could not be collected at
this station during winter and at other
times of higher water. Only once was
water seen coming over the beaver dam,
although there was some flow under and
through the dam most of time.
4. Station NH2: The third upstream station on New Hope
Creek was located below the Third Fork
Creek confluences but above the
Interstate 40 subimpoundment dam.  This
station was considered the control station
for the reminder of the water sampling.
5. Station EFF: Sampling took place in the effluent ditch
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of the wastewater treatment facility.
6. Station NH3: Located about 50 m below Station EFF.
This station was eliminated after May 1988
because of insufficient water mixing.
7. Station NH4: Located about 104 m below Station EFF.
This station was also eliminated after
May 1988 because of poor water mixing.
8. Station NHS: Located about 185 m below Station EFF.
9. Station NH6: Located aboput 270 m below Station EFF.
10. Station NH6.3: A new station established in May 1988
about 590 m below Station EFF.
11. Station NH7: A station 200 m above Road 1107 (Stage¬
coach Rd.).  It was flooded from November
1988 through February 1989 when the
subimpoundment floodgate was closed.
12. Statiion NHS: Located under the Road 1107 bridge about
3.75 km (along stream) below station EFF.
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APPENDIX B. UATER QUALITY DATA
DATE  STA. TEMP   D.O. D.O.   pH C(MO   N03-N02 FNH4 PN   FON  TN    TKN   FRP PP   FUP   TP CL
<C}   (mg/L) X-SAT.    (UMHO/CM(ing/L) (mg/L) (mg/L)(mg/L)(mg/L)(mg/L)(mg/L) (mg/L)(mg/L)(mg/L)(mg/L)
27-Hay-87 NH1 23 5.5 94.02 0.226 0.067
27-May-87 TF 21.5 5.7 95.12 0.160 0.005
27-May-87 NH2 22 5.4 169.92 0.224 0.038
27-May-87 EFF1 22.5 6.3 464.92 11.780 0.620
27-M8y-87 MH3 22 6.3 368.71 9.576 0.440
27-May-87 NH4 22 6.3 352.67 9.481 0.420
24-Jun-87 NH1 24 5.1 60.26 6 97.02 0.611 0.143
24-Jun-87 TF 25 6.65 80.06 6.4 177.69 0.338 0.147
24-Jun-87 NH2 24 5.6 66.17 6.2 97.02 0.602 0.137
24-Jun-87 EFF1 25.6 10.2 124.17 6.8 448.06 19.219 0.143
24-Jun-87 NH3 25.2 8.3 100.30 6.7 332.91 10.391 0.179
24-Jun-87 NH4 25 7.7 92.70 6.6 299.48 9.453 0.116
24-Jun-87 NHS 25 6.7 80.66 6.5 247.57 6.641 0.152
24-Jun-87 NH6 25 6.7 80.66 6.6 247.57 6.094 0.152
24-Jun-B7 NH7 7.188 0.246
24-Jun-87 NHS 26 7.4 90.74 6.1 273.24 7.625 0.262
10-Aug-87 NH1A1 26 4.S 55.18 115.15 0.293 0.085
10-Aug-87 NH1A2 0.295 0.085
10-Aug-87 TF 26 4.2 51.50 214.69 0.067 0.421
10-Aug-87 NH2 26 4.8 58.86 126.86 0.223 0.175
10-Aug-87 EFFA1 27.5 8.7 109.62 452.71 15.586 0.147
10-Aug-87 EFFA2 0.147
10-Aug-87 NH3 27 7.9 98.65 453.11 15.103 0.107
10-Aug-87 NH4 27 6.8 84.91 448.34 14.759 0.080
10-Aug-87 HH5 27.2 7.6 95.24 432.06 14.483 0.080
10-Aug-87 NH6 27.2 7.2 90.23 432.06 14.207 0.173
10-Aug-87 NH7 25.5 4.7 57.11 384.93 12 0.147
10-Aug-87 NHS 25.5 3 36.45 373.08 10.440 0.107
03-Sep-87 UNH1 22 6.7 76.21 5.7 98.32 ,
_
03-Sep-87 NH1A1 21.5 7 78.85 6.4 98.36 0.255 0.050
03-Sep-87 NH1A2 0.255 0.060
03-Sep-87 NH2 22 7.3 83.03 6.3 98.32 0.720 0.175
03-Sep-87 TF 24 5.9 69.72 6.8 171.57 0.280 0.060
03-Sep-87 EFFA1 27 8.6 107.39 6.8 524.65 16.400 0.030
03-Sep-87 EFFA2 16.400 0.030
03-Sep-87 NH3 25.5 8 97.21 6.6 404.67 13.400 0.045
03-Sep-87 NH4 24.2 7.4 87.77 6.5 401.55 12.700 0.045
03-Sep-87 NHS 25 7.8 93.91 6.S 389.33 11.900 0.045
03-Sep-87 NH6 24 7.4 87.44 6.7 393.17 11.600 0.045
03-Sep-87 NH7 23 6.1 70.75 6.5 302.96 7.800 0.100










































APPENDIX B.   WATER QUALITY DATA
DATE  STA. TEHP D.O. 0.0.   pH COND N03-N02 FNH4 PN   FON  TN TKN   FRP PP   FUP TP CL
<C) (mg/L) X-SAT. (UMHO/CM(ing/L) (mg/L) (m9/L)(flig/L)<ing/L)(mgA)(iiig/L) (nig/L)(iBg/L)(mg/L)(nig/L)
15-Oct-87 UNHI 23.9 8.5 100.25 5.9 110.54 0.400 0.058 0.0005
15-Oct-87 NH1A1 26 8.1 99.33 6.19 9.76 0.220 0.127 0.0005
15-Oct-87 IIH1A2 0.220 0.073 0.0005
15-0ct-87 TF 24.5 8 95.42 6.12 113.08 0.001 0.110 0.0005
15-0ct-87 NH2 26.1 12.4 152.33 6.1 99.31 0.160 0.078 0.0005
15-0ct-87 EFFA1 17.4 11.5 119.29 6.32 485.27 17.500 0.038 4.3000
15-Oct-87 EFFB1 16.600 0.040 4.4000
15-0ct-87 NH3 17.7 8.8 91.85 6.32 489.05 17.000 0.030 4.1250
15-Oct-87 MH4 17.8 7.8 81.58 5.92 472.65 16.750 0.030 4.1000
15-0ct-87 MH5 18.1 7.9 83.14 6.14 461.26 17.350 0.078 4.3000
15-0ct-87 NH6 18.1 8.2 86.30 6.25 467.10 17.300 0.048 4.0000
15-0ct-87 NH7 17 7.9 81.27 6.3 431.03   - 0.084 3.8000
15-Oct-87 NHS 20.7 7.5 83.17 6.11 405.08   - 0.093 3.2000
21-Dec-87 UNH 7 10.45 85.64 6.73 97.68
21-Dec-87 MH2 8 7.3 61.31 6.7 116.06
21-Dec-87 EFF 16.5 9.7 98.75 7.01 457.76
21-Dec-87 NH3 16 9.4 94.69 7.1 438.49
21-Dec-87 NH4 16 9.2 92.67 7.07 453.19
21-Dec-87 NH5 16 9.6 96.70 7.15 465.44
21-Dec-87 NH6 15.5 9.45 94.18 7.1 470.76
21-Dee-87 NH7 14 8.8 84.90 7.11 474.27
21-0ec-87 NH8 14 7.4 71.39 7.18 458.88
06-Jan-88 UNH 3 7.7 56.9 6.39 66  0.2 0.062 0.028 0.06
06-Jan-88 NH2 3.5 5 37.45 6.62 81.36 0.098 0.024 0.0300 0.08 0.005 0.085
06-Jan-88 EFFA 13 3.7 34.92 7.04 419.60 12.560 0.030 1.7600 0.24 0.005 1.880
06-Jan-88 EFFB 12.720 0.060 1.7200  0.2 0.005 1.840
06-Jan-88 NH3 7 4 32.78 7.04 285.54 5.520 0.131 0.6800 0.04 0.08 0.800
06-Jan-88 NH4 5.5 4.15 32.75 6.98 171.04 4.080 0.023 0.4960 0.08 0.024 0.600
06-Jan-88 NH5 4 4.3 32.64 6.91 120.66 1.580 0.032 0.2160 0.08 0.024 0.320
06-Jan-88 NH6 4 3.65 27.70 6.79 120.66 1.380 0.050 0.2140 0.005 0.026 0.280
06-Jan-88 NH7 3.5 7.3 54.68 6.78 120.42 1.240 0.019 0.1600 0.005 0.12 0.280
06-Jan-88 NHS 2 7.2 51.79 6.78 117.86 1.240 0.075 0.2140 0.005 0.066 0.280
15-Feb-8S UNHI 3.5 12.2 91.38 6.9 81.36 0.210 0.0310.025 0.314 0.58 0.370 0.0250 0.02 0.005 0.040
15-Feb-88 NH1
15-Feb-8S NH2 4 12.4 94.12 6.9 88.49 0.205 0.031 0.2 0.179 0.615 0.410 0.0330 0.03 0.005 0.060
15-Feb-88 EFFA 13.5 10.2 97.33 7.2 453.76 11.700 0.041 2.44 0.719 14.9 3.200 1.5600 0.42 0.005 1.920
15-Feb-88 EFFB 11.800 0.038 0.88 1.002 13.72 1.920 1.5600 0.36 0.005 1.760
15-Feb-a8 HH3 9.5 12 104.49 7.2 305.26 7.300 0.050 0.64 0.35 8.34 1.040 0.8700 0.14 0.005 1.000
15-Feb-88 NH4 8 11.7 98.27 7.1 271.78 6.120 0.060 1.2 0.42  7.8 1.680 0.6800 0.16 0.02 0.860
15-Feb-88 NH5 6.5 13.8 111.69   7 174.80 3.080 0.045 0.16 0.235 3.52 0.440 0.3600 0.08 0.005 0.400
15-Feb-88 NH6 6.5 15.4 124.64 7.1 182.40 2.800 0.045 2.52 0.195 5.56 2.760 0.3600 0.356 0.024 0.740
15-Feb-88 NH7 5 12 93.49 7.1 283.09 2.700 0.062 0.02 0.418  3.1 0.400 0.3300 0.048 0.054 0.432
15-Feb-88 NH8 5 7.1 173.00 2.520 0.070 0.02 1.53 2.92 0.400 0.3300 0.005 0.25 0.432
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APPENDIX B.   UATER QUALITY DATA
DATE      STA. TEMP D.O. D.O. PH COND N03-N02 FNH4    PN        FON      TN          TKN        FRP    PP        FUP          TP CL
(C) (mg/L) X-SAT. {UMHO/CM<nig/L) (mg/L) (mg/LXma/L)(mg/L)(mg/L)(mg/L) (mg/L)(mg/L)(mg/L)(mg/L)
14-Mar-88 UNH1 10 10.6 93.39 7.9 119.32 0.128 0.079    0,02 0.461 0.563 0.435 0.0240 0.031 0.009 0.064 13.00
14-Mar-88 NH1A 11.5 10.28 93.78 7,5 128.89 0.166 0.062    0.02 0.608 0.801 0.635 0.0800 0.007 0.005 0.082 12.20
14-Mar-88 NH1B 0.159 0.044 0.365 0.251 0.819 0.660 0.0240 0,042 0,009 0.075 11.40
14-Mar-88 TF 10.5 9.4 83.79 7 201.25 0.052 0,026 0,175 0,537   0.79 0.738 0.0780 0.057   0.02 0.155 16.30
14-Mar-88 NH2 11 11.1 100.10 7.5 130.36 0.155 0.032 0.248 0.358 0.793 0.638 0.0270 0.049 0.006 0.082 11,60
14-Mar-88 EFFA IS 10 98.60 7.2 438.55 12.600 0.058 0.888 1.846 15,39 2,792 1.7000 0.244 0.005 1,900 34.80
14-Har-88 EFFB 12.880 0,050 1.324 1,742 15.99 3.116 1,6900     0,3 0.005 1.956 34.80
14-Mar-88 NH3 14 9.4 90.69 7,3 326.86 8.560 0.040 0.972    1.28 10.85 2.292 1.1100   0.18 0.005 1.220 25.10
14-Mar-88 NH4 13.5 9.5 90.65 7.4 272.25 7.280 0.058 0.688 1.202 9.228 1.948 0.9300 0.084 0.005 1.000 23.20
14-Mar-88 NHS 12.5 9.45 88.18 7.5 225.46 4.100 0.032 0.604      0.8 5.536 1.436 0.5300 0.136 0.005 0.608 18.20
14-Mar-88 NH6 12 9.8 90.42 7.4 228.04 4.000 0.029     0.6 0.715 5.344 1.344 0.6200 0.005 0,076 0.560 18.20
14-Mar-88 NH7 12 9.1 83.97 7.5 234.75 3.600 0,470     0,8 0,482 5,352 1,752 0,4900    0.26 0,005 0.740 18.20
14-Har-88 NH8 12 9.3 85.81 7.5 207.92 2.900 0,062    0,55 0.836 4.348 1.448 0.3800 0.136 0.004 0.520 17.80
20-Apr-88 UNH1 8 6.8 57.11 7.5 74.92 0.132 0.054    0.02 0.566 0,522 0.390 0,0320 0,055 0.047 0.134 6.90
20-Apr-88 NHIA 11 4.1 36.97 7 75.47 0.185 0.024   0.19 0.276 0.675 0.490 0.0440 0.064 0.026 0.134 6.90
20-Apr-88 NHIB 0,122 0.012    0.27 0.364 0,768 0,646 0.0250 0.073    0.05 0.148 6.20
20-Apr-88 NH2 11.2 6.2 56.17 7.4 75.13 0,146 0.050    0.02 0.496 0.664 0.518 0.0370 0.027   0.07 0.134 7.10
20-Apr-88 EFFA 12.5 5.7 53.19 7.5 450.92 10,800 0.028 0.684 0.866 12.37 1.578 1.5500 0.156 0.222 1.928 28.90
20-Apr-88 EFFB 10.800 0.028    0.71    0.81  12.34 1.548 1.5700 0.206 0.248 2.024 28.90
20-Apr-88 NHS 12 7.6 70.12 7 104.63 0.700 0.022 0.226 0.134 1.082 0.382 0,1180 0,074 0.058 0.250 7.70
20-Apr-88 HH4 12 4.5 41.52 6.8 99.26 0.594 0.020 0.256   0.05    0.92 0.326 0.1200 0.082 0.038 0.240 7.50
20-Apr-88 NHS 11.5 4.4 40.14 7 92.26 0.422 0.028 0.284 0,128 0,862 0,440 0.0760 0.064 0.054 0.194 6.90
20-Apr-88 NH6 11.2 6.4 57.98 7.2 79.23 0.393 0,025 0,028 0,187 0,633 0.240 0.0850 0.054 0.037 0.176 7.30
20-Apr-88 NH7 12.7 7.7 72.18 7.1 112.22 1.220 0.018   0,02 0,812 1,894 0,674 0.2100 0,036 0,062 0,308 9.50
20-Apr-88 NH8 12.5 6.5 60.66 7.2 95.49 0.611 0,020 0,085    0.47 1.186 0.575 0.1100 0.124 0.001 0.235 8.10
18-May-88 UNHl 17.2 5.6 57.85 6.39 84.62 0.530 0.134 0.574 0.135 1.373 0.843 0.0170 0.162 0.028 0.207 5.90
18-May-88 NHIA 18 5.2 54.61 6.18 84.27 0.540 0.257 0.559 0.192 1.548 1.008 0,0190 0,322    0,02 0,361
6.10
18-May-88 NHIB 0.620 0,119   0,58 0,565 1,884 1,264 0.0260 0.338 0.047 0.411
6.40
18-May-88 NH2 17.8 6 62,76 6.51 90.53 0.560 0.083 0.407 0.525 1.575 1.015 0.0230 0.246 0.027 0.296
5.90
18-May-88 EFFA 22 10.4 118.30 6.6 524.74 14.380 0.028 0.442 1.174 16.02 1.644 0.0340    0.09 0.066 0.190 38.00
18-MBy-88 EFFB 14.380 0.043    0.36 1.075 15.85 1.478 0.0340 0.134 0.066 0.234 38.00
18-May-88 NHS 17.8 6.6 69.03 6.25 134.04 1.750 0.151 0.358 0.513 2.772 1.022 0.0360 0.178   0,02 0,234
8.80
18-May-88 NH6 18 7.1 74.57 6.49 133.43 1.800 0.079 0.474 0,455 2,808 1,008 0.0550 0.224 0.023 0,302
9.10
18-May-88 NH6.3 18 8.2 86.12 6.94 131.09 1.700 0.148    0.47    0.64 2.958 1.258 0.0360 0.205 0.061 0.302
9.30
18-May-88 NH7 18.3 7.5 79.26 6.3 129.03 1.700 0.090 0.311 0,566 2.667 0,967 0.0840 0,313 0,022 0,419
8.50
18-May-e8 NH8 18.2 6.1 64.33 6.4 130.49 1.650 0.097 0.269 0.649 2.665 1.015 0.0360 0.207 0.014 0.257
8.50
28-Jun-88 UHH1 20.4 4.25 46.85 6.18 127.45 0.432 0.122 0.069 0.398 1.021 0.589 0.0820 0.711 0.035 0.828 8.70
28-Jun-88 NHIA 20.6 4.39 48.59 6.55 132.39 0.407 0.103 0.046   0,44 0.996 0.589 0.0380 0.071 0.019 0.128 9.30
28-Jun-88 NHIB 0.401 0.109 0.032 0.379 0.921 0.520 0.0930 0.005 0.057 0.133 9.20
28-Jun-88 TF 20.4 4.65 51.26 6.61 136.32 0.407 0.100 0.125 0.249 0.881 0.474 0.0800 0.055 0.005 0.123
9.60
28-Jun-88 NH2 20.5 4.25 46.94 6.7 136.01 0.392 0.122 0.063 0.289 0.866 0.474 0.0940 0.039 0.012 0.145
10.50
28-Jun-88 EFFA 24.3 8.1 96.25 6.4 537.57 18.524 0.081 0.068 0.651  19.32 0,800 2,6300 0,013 0.048 2.691
41.90
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18.378 0.094   0.02 0.715 19.04 0.663 2.5900 0.132 0.005 2.700 41.90
23.8       7.1    83.58 6.52   487.29 12.759 0.173 0.215 0.458 13.60 0.846 1.8700 0.044 0.005 1.913 31.00
24      7.25    85.67    6.7   468.74 12.614 0.138 0.046 0.662 13.46 0.846 1.8500 0.175 0.005 2.000 31.60
23.2       7.9   91.95    6.9   458.62 12.249 0.085 0.242 0.578 13.15 0.905 1.8100 0.131 0.015 1.956 30.30
22.5       7.1    81.54 6.68   392.01 10.860 0.212 0.301 0.287 11.66 0.800 1.5400 0.263 0.066 1.869 25.70































































0.050 0.043 0.409 0.751 0.502 0.0270 0.325 0.006 0.358   9.03
0.168 0.234 0.142 0.742 0.544 0.0330 0.137 0.021 0.191    8.95
0.138 0.192 0.185 0.693 0.515 0.0400 0.172 0.024 0.236   8.36
0.688 0.1280 0.35 0.005 0.419   9.73
0.583 0.0740 0.163 0.005 0.211    8.44
0.450 2.6900 0.005 0.002 2.671 41.21
0.425 2.7200 0.182 0.005 2.732 41.39
0.276 2.3020 0.041 0.005 2.042 38.40
0.301 2.0360 0.162 0.005 1.920 36.31
0.046 0.273 0.035 8.802 0.326 1.8080 0.122 0.005 1.717 31.83
0.135 0.124    0.24 10.46 0.499 2.0360 0.005 0.005 1.920 33.17
0.061    0.05 0.141 11.09 0.252 1.9600 0.005 0.005 1.697 31.39
0.169 0.161 0.358 0.828
0.107 0.285 0.191 0.742
0.005 0.05 0.395 12.05
0.003 0.124 0.298 12.07
0.015 0.256 0.035 10.69
0.033 0.173 0.095 9.709





























































27  6.75 84.29 6.8 419.72 11.869 0.054
0.0300 0.165 0.005 0.200 9.45
0.0410 0.275 0.005 0.321 8.93
0.0340 0.148 0.018 0.200 8.84
0.4110 0.8 0.005 0.846 9.80
0.0280 0.214 0.002 0.244 9.36
2.7030 0.066 0.036 2.805 43.57
2.7390 0.099 0.005 2.805 43.89
2.6110 0.077 0.051 2.739 42.95
2.6480 0.066 0.005 2.684 42.64
2.4640 0.005 0.154 2.S96 41.14
2.2080 0.093 0.037 2.338 36.23
2.2810 0.099 0.052 2.432 36.48
20-Sep-88 UNHl 21.8 6.7 75.916.35 107.36 0.306 0.083    0.02 0.375 0.759 0.453 0.0510 0.147 0.005 0.193    9.03
20-Sep-88 NHIA 21.5 3.4 38.30   6.2 108.09 0.279 0.099   0.02 0.2010.525 0.246 0.0390 0.077 0.005 0.112   8.62
20-Sep-88 NH1B 0.270 0.029 0.196 0.282 0.777 0.507 0.0320 0.153 0.005 0.183   7.52
20-Sep-8S TF 21 6.6 73.62       6 114.79 0.205 0.062 0.085    0.36 0.712 0.507 0.0620 0.143 0.005 0.204    8.54
20-Sep-88 NH2 21.5 6.7 75.47 6.25 108.09 0.275 0.099   0.02 0.354 0.717 0.442 0.0460 0.092 0.005 0.127   8.90
20-Sep-88 EFFA 22 8.4 95.55 6.25 406.1113.305 0.047 0.264 1.50115.111.812 1.7550 0.12 0.059 1.934 40.13
20-Sep-88 EFFB 13.339 0.002    0.28 1.418 15.03 1.700 1.7910 0.02 0.005 1.803 40.13
20-Sep-88 NHS 22.5 6.9 79.24   6.3 206.04 4.481 0.047   0.02 1.765 6.249 1.768 0.5200 0.132 0.005 0.621 17.10
20-Sep-88 NH6 25 7.3 87.89   6.4 194.66 4.584 0.047 0.368 1.437 6.436 1.852 0.5280 0.153 0.005 0.662 16.88
20-Sep-88 NH6.3 21.5 7 78.85    6.4 205.38 4.311 0.111 0.632 1.329 6.383 2.072 0.5310 0.204 0.005 0.713 17.57
20-Sep-88 NH7 22 7 79.62 6.25 170.99 2.165 0.054    0.02 1.058 3.081 0.916 0.3140 0.269 0.005 0.427 12.53
20-Sep-88 NHS 24.5 6.9 82.30    6.3 222.13 5.742 0.096 0.368 1.324    7.53 1.788 0.7420 0.174 0.005 0.907 18.79
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20-Oct-88 UNH1 11.5 6.8 62.03 7.06
20-Oct-88 NH1A 11.5 8.1 73.89 7.02
20-0ct-88 NH1B
20-Oct-88 TF 11.5 8.5
20-Oct-K NH2 11.2 8.6
20-Oct-88 EFFA 22
20-Oct-88 EFFB
20-Oct-88 NH5 17.5 8.6 89.40
20-Oct-88 NH6 18.5 8.5 90.19
20-Oct-88 NH6.3 16 8.35 84.11
20-Oct-88 MH7 11 8.4 75.75





146.53   0.233 0,255 0.767 0.534 0,2160 0.074 0.034 0.324 11,75
149.24    0.284 0.121 0.624    0.34 0.0610 0.053 0.005 0.092 11.00
0.284 0.121 0,648 0,364 0,0570 0.037 0.003 0,097 11,00
203,51    0,293 0.352 0,961 0.668 0.0670 0.189 0.005 0.239 14.62
170.75    0.294 0.182 0.804    0,51 0,0570 0.106 0.003 0,166 12.53
459.55 13.221 0.02 13,24    0,02 2.7250 0.042    0.39 3.157 40.85
13.221 0.833 14.17 0.955 2,6440 0,089 0,513 3.246 40.85
361.06 11.841 0.667 13,16 1.323 1.6580   0.19 0.339 2,187 28,93
352,94 11,805 0.413 13.011,214 1,6790    0.38   0.17 2.229 30.12
300.09   9.845 0.73 11.63 1.791 1,2560 0.005 0.323 1.284 25.30
322.48   7.812 0.073 8.686 0.874 0.9940    0,19 0.138 1.322 22.24















7.2   64.93 6.93    123.50     0.09 0.017 0,017 0.279 0,403 0,313 0,0120 0,005 0.005    0.01    7,94
2,8   25,25    6,6    130.36 0.0005 0.013 0.107 0.332 0,452 0,452 0,0500 0.033 0.005 0.075    7.34
0.0005 0.014 0.097 0,363 0,474 0,474 0,0570 0.005 0.039 0,064   7.49
3.2    29.19 6.58    149.24 0,0005 0,023 0.134 0.419 0.576 0,576 0,0770 0.092 0.014 0.183   9.05
8.6   95.93 7.03   448.24    12.78 0.007 0.086 0.919 13,79 1,012 1.9560   0,13 0,592 2.678 40.22
12,78 0,048 0.558 0.836 14.22 1.U2 1.9890 0.152 0.515 2.656 39.51
5.8   55.96 6.84    256.36     5.61 0.054 0.129 0.937   6.73    1.12 0.5670 0.005    0.43 0.595 15.74
5.7 54.99 6.85 256,36 5,65 0.055 0.279 0.775 6.759 1.109 0.6660 0.163 0.168 0.997 16.00
17-MOV-88 MH6.3 13.5 5.7 54,39 6.96 259.29 4.93 0.054 0.064 1.066 6.114 1.184 0.6000 0.195 0.147 0.942 15.74
17-NOV-88 NH7 18 5.95 62.49 6.99 421,35 12.24 0.113 0.064 1.007 13.42 1.184 1.4600 0.005 0.513    1.95 32.20
17-NOV-88 NH8 17 7.2 74,07 7.06 401.10 11.03 0.103 0.108 0.909 12.15    1.12 1.2940   0.39 0.005 1.669 29.65
19-Dec-88 UNH1 4.5 8.5 65.37 6.48 135.21 0.123 0.009 0.174 0.316 0,622 0,499 0,0300 0.021 0.016 0.067 11.50
19-Dee-88 MH2 5 6.1 47.52 6,75 141.54 0.174 0.002 0.098 0.387 0.6610.487 0.0300 0.0310.005 0.056 11.30
19-Dec-88 EFFA 15 9.7 95.64 7.09 501.20 17.96 0.055 1,102 1.209 20.32 2,366 0.9500 0.388 0.123 1.461 36.21
19-Dec-88 EFFB 22.54 0.031 1.205 1.176 24.95 2.412 0.9100 0.439   0.08 1.429 36.21
19-Dec-88 NHS 12 8.7 80,27       7 409.13 18.24 0.061  1.206 1.099 20.60 2.366 0.7690 0.356 0.033 1.158 29.86
19-Dec-88 NH6 11.5 8.7 79.37 6,85 413,80 12.06 0.052 1.066 1.108 14.28 2.226 0.8770 0.366 0.005 1.147 30.08
19-Dec-88 NH6.3 11 9.1 82,07 6.88 397,95 11,6 0,061 0,567 1.343 13.57 1.971 0.5880 0.229 0.173   0.99 29.42






































0.023 0.225 0.383 0.734 0.631 0.0250 0.02 0.005 0.033 10.86
0.025 0.085 0.381 0.516 0.491 0.0350 0.036 0.005 0.054 17.33
0.096 0.324      1.3 18.83    1.72 0.5500 0.163 0.088 0.801 35.87
0.103    0.76 1.282 19.26 2.145 0.5500 0.245 0.067 0.862 38.50
0.048    0.29    0,79 5.687 1.128 0.1700 0.082 0.005    0.23 16.83
0.046 0.201 0.747 5.704 0.994 0.1700 0.082 0.005    0.23 17.50
0.061 0.156 0.777 5.848 0.994 0.1800 0.102 0.005    0.24 16.83
0.054 0.201 0.672 4.175 0.927 0.3400 0.061 0.005 0.393 17.21
08-Feb-89 UNH 6,5    127.74   0.159    0.022 0.171 0.404 0.756 0.597 0.0240 0.061 0.049 0.134 10.16
51
APPENDIX B. WATER QUALITY DATA
DATE      STA.  TEHP        D.O.    D.O. pN    COND        N03-N02 FNH4    PN FON      TN TKN FRP    PP FUP TP    CL
(C)        (mg/L) X-SAT. (UMHO/CMdng/L) (mg/L) (ing/L}(ing/L)(mg/L)(mg/L)(ing/L} (mg/LXing/LXmg/LXing/L)
6.4 129.20 0.176 0.015 0.413 0.485 1.089 0.913 0.0240 0.081 0.054 0.159 9.99
0.013 0.222 0.487 0.898 0.722 0.0240 0.091 0.054 0.169 9.90
0.017 0.137 0.494 0.831 0.648 0.0350 0.086 0.038 0.159 11.04
0.028 1.393 18.31 1.393 0.0160 0.065 0.129   0.21 40.05
0.042 0.2 1.235 18.39 1.477 0.0220 0.044 0.144 0.21 38.30
0.029 0.244 0.982 5.993 1.255 0.0350 0.13 0.131 0.296 18.70
0.031 0.156 0.869 5.864 1.056 0.0370 0.087 0.129 0.253 19.73
0.037 0.132 0.731 5.848 0.9 0.0400 0.011 0.159 0.21 19.34
0.086 0.284 1.482 5.576 1.852 0.0590 0.161 0.108 0.328 17.71
0.046 0.227 1.022 5.159 1.295 0.0510    0.04 0.136 0.227 16.54
0.026 0.02 0.415 0.82 0.409 0.0070 0.068 0.039 0.114 15.71
0.001 0.075 0.456 0.943 0.532 0.0090 0.02 0.056 0.085 15.26
0.001 0.338 0.429 1.172 0.768 0.0005 0.03 0.132 0.163 14.61
0.026 0.02 0.468 0.934 0.505 0.0010 0.058 0.084 0.143 16.40
2.395 0.485 0.586 10.21 3.466 0.0760 0.041 0.071 0.188 36.00
3.201 0.737 0.035 10.70 3.834 0.0690 0.116 0.012 0.197 36.24
0.295 0.02 0.508 3.698 0.677 0.0090 0.05 0.055 0.114 18.21
0.303 0.276 0.397 4.119 0.976 0.0160 0.067 0.081 0.164 18.09
0.469 0.097 0.541 4.25 1.107 0.0030 0.02 0.186 0.209 18.21
0.413 0.118    0.79 4.149 1.321 0.0410 0.087 0.119 0.247 19.90
08-Feb-89 NH1A1 6.5 129.20 0.176
08-Feb-89 NH1A2 0.176
08-Feb-89 NH2A1 7 6.35 135.25 0.183
08-Feb-89 EFFA1 15 6.16 538.79 16.919
08-Feb-89 EFFA2 16.919
08-Feb-89 NH5A1 9 6.3 236.95 4.738
08-Feb-89 NH6A1 9 6.1 221.15 4.808
08-Feb-89 NH6.3 9 6.4 244.13 4.948
08-Feb-89 NH7 9 6.86 215.41 3.724
08-Feb-89 NH8A1 9 6.9 215.41 3.864
15-Har-89 UNH 8 6.58 117.52 0.411
15-Map-89 NH1A1 9 6.75 114.88 0.411
15-Mar-89 NH1A2 0.404
15-Mar-89 NH2 9 6.75 129.24 0.429
15-Mar-89 EFFA1 15 6.66 463.61 6.751
15-Mar-89 EFFA2 6.873
15-Mar-89 MH5A1 9.5 6.73 177.48 3.021
15-Mar-89 NH6A1 9.5 7.74 184.58 3.143
15-Mar-89 NH6.3 9.6 6.81 177.08 3.143
15-Mar-89 NH8A1 10 6.68 189.51 2.828
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daily flow rate of the New Hope Creek
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